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Abstract 

Background: Dizziness is a common and often disabling symptom, but diagnosis often remains unclear; especially 
in older persons where dizziness tends to be multicausal. Research on dizziness-related impairment might provide 
options for a functional oriented approach, with less focus on finding diagnoses. We therefore studied dizziness- 
related impairment in older primary care patients and aimed to identify indicators related to this impairment. 

Methods: In a cross-sectional study we included 417 consecutive patients of 65 years and older presenting with 
dizziness to 45 general practitioners in the Netherlands from July 2006 to January 2008. We performed tests, 
including patient history, and physical and additional examination, previously selected by an international expert 
panel and based on an earlier systematic review. Our primary outcome was impact of dizziness on everyday life 
measured with the Dutch validated version of the Dizziness Handicap Inventory (DHI). After a bootstrap procedure 
(1500x) we investigated predictability of DHI-scores with stepwise backward multiple linear and logistic regressions. 

Results: DHI-scores varied from 0 to 88 (maximum score: 100) and 60% of patients experienced moderate or 
severe impact on everyday life due to dizziness. Indicators for dizziness-related impairment were: onset of dizziness 
6 months ago or more (OR 2.8, 95% CI 1.7-4.7), frequency of dizziness at least daily (OR 3.3, 95% CI 2.0-5.4), 
duration of dizziness episode one minute or less (OR 2.4, 95% CI 1.5-3.9), presence of anxiety and/or depressive 
disorder (OR 4.4, 95% CI 2.2-8.8), use of sedative drugs (OR 2.3, 95% CI 1.3-3.8) , and impaired functional mobility 
(OR 2.6, 95% CI 1.7-4.2). For this model with only 6 indicators the AUC was .80 (95% CI .76-.84). 

Conclusions: Dizziness-related impairment in older primary care patients is considerable (60%). With six simple 
indicators it is possible to identify which patients suffer the most from their dizziness without exactly knowing the 
cause(s) of their dizziness. Influencing these indicators, if possible, may lead to functional improvement and this 
might be effective in patients with moderate or severe impact of dizziness on their daily lives. 



Background 

Dizziness is one of the geriatric giants. Thirty percent of 
people over 65 years of age experience dizziness in 
some form [1-4], and this number increases to 50% in 
the very old (85+) [2]. Annual consultation rates for diz- 
ziness in primary care increase from 8% in patients over 
65 years of age to 18% for the oldest elderly [5,6]. 
Besides, two-third of older dizzy patients experience 
persistent or recurrent dizziness for at least six months 
[3,7,8]. 
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For physicians, older dizzy patients may be a challenge 
because of the wide range of underlying conditions. As 
dizziness in the elderly tends to be multicausal, it is 
often not possible to identify a specific etiological condi- 
tion. Patients without a diagnosis make up 20-40% of all 
patients presenting with dizziness in general practice 
[9-11], and even if specific diseases are revealed, these 
cannot always be treated effectively. Nevertheless, dizzi- 
ness can be extremely troublesome for older patients. It 
can lead to considerable impairment in daily function- 
ing, and it is associated with social isolation, functional 
disability, falls, and with nursing home placement [4,8]. 
Accordingly, to adequately manage these patients, it is 
important to assess the impact of dizziness on everyday 
life experienced by older patients, and to identify factors 
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modifying this impact on daily functioning. After ruling 
out serious conditions a functional oriented approach, 
with less focus on finding diagnoses, may be most bene- 
ficial to, especially older, patients. Such a functional 
approach has previously been suggested [4,6,12]. Influ- 
encing factors contributing to the impact of dizziness 
could lead to functional improvement and this might be 
most effective in patients with the highest impact of diz- 
ziness on their daily lives. 

We therefore studied dizziness-related impairment in 
older primary care patients and identified factors related 
to this impairment. 

Methods 

Study design and participants 

Every Dutch inhabitant is listed with a general practi- 
tioner (GP), and patients only consult a medical specia- 
list after referral by their GP. In a cross-sectional study, 
between July 2006 and January 2008, 45 general practi- 
tioners (GPs) in 24 Dutch practices recruited consecu- 
tive patients aged at least 65 years who consulted for 
dizziness. We ensured consecutiveness by checking GPs' 
electronic medical records for missed inclusions each 
month. 

Our definition of dizziness included patients describ- 
ing a giddy or rotational sensation, a feeling of imbal- 
ance, light-headedness, and/or a sensation of impending 
faint. Criteria for exclusion were inability to speak 
Dutch or English, severe cognitive impairment, a cor- 
rected visual acuity of less than 3/60 for the best eye, 
impossibility of verbal communication, or wheelchair 
dependency. The study was approved by the medical 
ethics committees of both involved academic medical 
centers. All patients gave written informed consent. 

Definition of outcome 

Our primary outcome was the impact of dizziness on 
everyday life, measured with the Dutch validated version 
of the Dizziness Handicap Inventory (DHI) [13,14] 
(additional file 1). The DHI is a self-report questionnaire 
used to assess the degree of disability associated with 
dizziness regardless of its underlying cause(s). The ques- 
tionnaire contains 25 items covering three subscales 
with functional, emotional and physical aspects. "Yes" 
scores 4 points, "sometimes" 2 points and "no" 0 points. 
DHI-scores range from 0 to 100, higher scores indicat- 
ing greater perceived disability. DHI-scores can be clas- 
sified into mild (0-30 points), moderate (31-60 points), 
and severe (61-100 points) [15,16]. We included a 0/1 
dichotomized DHI-score, with 1 representing scores 
greater than 30 (moderate or severe impact of dizziness). 

The DHI is the mostly used questionnaire to quantify 
the impact of dizziness and has been translated to Swedish 
[17], Chinese [18], French [19], Dutch [14], Portuguese 



(Brazil) [20], German [21] and Norwegian [15]. High inter- 
nal consistency and satisfactory test-retest reliability has 
been demonstrated for the total scale as well as in some 
studies for the subscales [13,16]. Other studies found simi- 
lar results for the total scale, but questioned internal con- 
sistency of the subscales [15,22,23]. In summary, validity 
has been ascertained in secondary and tertiary care set- 
tings with mostly vertiginous patients in several studies 
[13-16,22-27]. 

Indicators of impact of dizziness 

In a 3-round Delphi procedure, 16 international experts, 
representing dizziness-relevant medical specialties, 
selected 21 tests feasible in primary care, and potentially 
contributing to the diagnostic process in older patients 
presenting with dizziness to a GP. The tests included 
four elements of patient history, eleven on physical 
examination, and six additional diagnostic tests [28,29]. 
In addition, we gathered information on demographic 
variables, and used the validated timed up-and-go test 
to measure functional mobility [30]. See for assessments 
of tests and measurements additional file 2. 

From these tests and measurements resulted a total of 
86 variables of which we selected 32 candidate indicators 
concerning demographic and lifestyle factors, characteris- 
tics of dizziness, data on relevant diagnoses and drugs, 
and information about relevant conditions or tests (e.g. 
orthostatic hypotension, functional mobility, Dix-Hall- 
pike test). Inclusion criteria for this selection process 
were: (1) plausible relation with impact of dizziness, (2) 
for a GP easily to obtain information, (3) prevalence in 
the study population between 10% to 90%, and (4) Spear- 
man correlation coefficient between -.50 and .50. 

In the original dataset we imputed missing data using 
the iterative chained equations method (ICE) in 
STATA/SE 10.0 (StataCorp, College Station, TX, USA). 
Briefly, for each variable in turn missing values are filled 
in with random predicted values based on observed 
values. Then, filled-in values in the first variable are 
removed, leaving the original missing values for this 
variable. These missing values are then imputed using 
regression imputation on all other variables (inclusive 
their "filled-in" values). This process is repeated for each 
variable with missing values until one 'cycle' is com- 
pleted. We continued this process for 5 cycles [31,32], 
and in this way 0.2% of all values in the original dataset 
were imputed [33]. 

Statistical analyses 

First, bivariate Pearson correlations of candidate indica- 
tors and DHI-scores were calculated to assess predictive 
performance of each indicator separately. Then predict- 
ability of continuous and dichotomous DHI-scores was 
investigated with multiple linear and logistic regressions. 
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In each of 1500 bootstrap samples we used backward 
stepwise regression, starting with all variables in the 
model, which selected indicators for a more parsimo- 
nious model with good predictive performance. The 
selection criterion ("p-remove") was set at 0.05 and 
from the models selected in each bootstrap sample, 
variables were retained for a final model if they were 
selected in at least 67% of the 1500 samples (i.e. more 
than 1000). Next, the proportion of variance accounted 
for (R 2 ) and Nagelkerke R 2 [34] were estimated for this 
final model. For comparison, we also calculated an 
average regression weight (B m ) for each variable over 
all bootstrap samples, irrespective of the other vari- 
ables selected in that particular sample. To obtain a 
weighted instead of a simple average, the regression 
weight in a sample was set to zero when a variable was 
not selected [35]. Odds ratios were calculated for the 
final logistic model with dichotomous DHI-scores. We 
calculated simple sum scores (presence indicator = 1, 
absence = 0) and weighted sum scores with the aver- 
age regression weights for both final linear and logistic 
models. 

The calibration of the logistic model was evaluated by 
comparing the observed and predicted outcome prob- 
abilities for all values of the simple sum score (0-6), and 
the fit was evaluated using the Hosmer-Lemeshow 
Goodness-of-Fit test. The ability of the logistic simple 
sum score model to discriminate between patients with 
high versus low impact of dizziness was estimated using 
the area under the Receiver Operating Characteristic 
(ROC) curve (AUC). 

Results 

Patient characteristics 

Data were available from 417 older patients with dizzi- 
ness (table 1) [29]. Their age ranged from 65 to 95 years 
with a mean age of 78.5 (SD = 7.1), 74% were female, 
and 69% experienced dizziness for at least six months. 

Dizziness Handicap Inventory scores 

The DHI-score varied from 0 to 88, with a median score 
of 34 and an interquartile range from 22 to 50 (addi- 
tional file 3). A total of 182 patients (44%) were mildly 
disabled by their dizziness (score 0-30), 179 patients 
(43%) moderately (score 31-60), and 56 patients (13%) 
severely (score 61-100). 

Indicators of impact of dizziness 

In univariate regression analysis the correlations 
between the impact of dizziness and candidate indica- 
tors were <0.3 for most factors. Only frequency of 
dizziness, functional mobility, and having an anxiety 
and/or depressive disorder had moderate correlations 
of 0.3 to 0.5. 



Table 1 Patient characteristics of 417 dizzy older patients 
in primary care 



No. (%) of patients 



Sex, female 


307 (74) 


Age in years, mean (range) 


78.5 (65-95) 


Living situation 




Alone 


254 (61) 


n residential home 


66 (16) 


Ethnic background 




Dutch native 


342 (82) 


Western immigrant 


31 (7) 


Non-western immigrant 


44 (1 1) 


Leve of education 




Elementary school 


1 1 9 (29) 


High school 


247 (59) 


College/university 


51 (12) 


Medical history 




Cardiovascular disease 


205 (49) 


Hypertension 


239 (57) 


Diabetes 


78 (19) 


Neurologic disease 


145 (35) 


Psychiatric disease 


142 (34) 


Onset of dizziness 




<6 months 


128 (31) 


>6 months 


289 (69) 


Category of dizziness* 




Disequilibrium 


360 (86) 


Presyncope 


302 (72) 


Vertigo 


259 (62) 


Atypica 


146 (42) 


•Adds up to more than 100%, 


because most patients described more than 


one subtype. 





Models with continuous and dichotomous DHI-scores (table 
2 and table 3) 

Indicators retained in the model after our selection were 
similar for continuous and dichotomous DHI-scores: (1) 
onset of dizziness (6 months ago or more), (2) frequency 
of dizziness (at least daily), (3) duration of dizziness epi- 
sode (one minute or less), (4) anxiety and/or depressive 
disorder, (5) use of sedative drugs, and (6) (impaired) 
functional mobility measured with the timed up-and-go 
test. 

All correlations between the variables were weak (cor- 
relation coefficients <0.3), confirming that these factors 
represented different independent relations to the DHL 
For the continuous DHI, the R was .40 in the model 
with 6 indicators, compared to .46 for the model with 
all variables. This means that, concerning the impact of 
dizziness, only little information was lost using six indi- 
cators versus all variables. Where the R 2 of the weighted 
sum score for the 6 indicators was .40, the R 2 of the 
simple sum score was .39, indicating that little informa- 
tion was lost in using the simple sum score. For the 
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Table 2 Association of all candidate indicators with the impact of dizziness on everyday life in older primary care 
patients 

Prev, % Linear Model Logistic Model 

(continuous DHI-scores) (dichotomous DHI-scores)* 

Pisoo B m B s P 1500 B m OR(95%CI) B s 



Demographic 



Age 




.09 


.0.0 




.11 


0.0 


1.0 (1.0-1.1) s 




Sex, female 


74 


.52 


27 




.35 


0.2 


1.8 (1.2-2.8) 




Ethnicity, non-western 


7 


.08 


0.4 




.09 


0.1 


1.0 (0.5-2.2) 




Living in residential home 


16 


.23 


1.2 




.09 


0.2 


2.1 (1.2-3.7) 




Lifestyle factors 


















Smoking 


15 


.06 


0.2 




.46 


0.5 


1 .3 (0.7-2.2) 




Excessive alcohol intake 


7 


.06 


0.4 




.07 


0.0 


0.6 (0.3-1.3) 




Dizziness characteristics 


















Onset, 6 months ago or more 


69 


.94 


5.9 


7.3 


.92 


1.0 


2.6 (1.7-4.1) 


1.04 


Frequency, at least daily 


57 


1.00 


9.3 


10.5 


.97 


1.1 


2.9 (1 .9-4.3) 


1.20 


Duration, one minute or less 


45 


.96 


6.2 


7.7 


.89 


1.0 


0.4 (0.3-0.6) 


.89 


Subtype description of dizziness 


















Light-headedness/presyncope 


72 


.08 


-0.2 




.07 


0.0 


1.2 (0.8-1.9) 




Spinning sensation/vertigo 


62 


.06 


0.1 




.07 


0.1 


1.1 (0.8-1.7) 




Unsteadiness/disequilibrium 


86 


.30 


1.9 




.30 


0.1 


3.0 (1.7-5.4) 




Not classifiable dizziness 


42 


.06 


-0.1 




.18 


0.2 


1.5 (1.0-2.3) 




Provoking circumstances 


















Standing still 


24 


.62 


3.4 




.36 


0.4 


3.1 (1.9-5.1) 




Exercise 


31 


.21 


0.8 




.25 


0.2 


1.5 (1.0-2.2) 




Changes in head position 


79 


.31 


1.7 




.38 


0.5 


2.5 (1.5-4.0) 




Getting up from lying or sitting 


70 


.1 I 


0.4 




.06 


0.0 


1.6 (1.1-2.5) 




Associated symptoms 


















Presyncopal symptoms (without panic disorder) 


-11 


,-H 


2.1 




.10 


0.0 


1.3 (0.9-1.9) 




Trouble with walking and/or (almost) falling 


57 


.46 


2.3 




.47 


0.4 


3.0 (2.0-4.5) 





Table 3 Association of all candidate indicators with the impact of dizziness on everyday life in older primary care 
patients 



Prev, % Linear Model 

(continuous DHI-scores) 



Logistic Model 
(dichotomous DHI-scores)* 







Pi 500 


B m 


B s 


Pi 500 


B m 


OR (95%CI) 


B s 


Relevant diseases and drugs 


















Cardiovascular disease 


85 


.05 


0.0 




.14 


-0.2 


1 .6 (0.9-2.7) 




Diabetes 


19 


.07 


0.2 




.15 


0.0 


1 .4 (0.8-2.3) 




Hearing problems 


73 


.20 


0.9 




.50 


0.5 


2.2 (1.4-3.4) 




Anxiety and/or depressive disorder 


22 


1.00 


11.0 


12.6 


.95 


1.2 


7.2 (3.8-13.7) 


1.48 


Poly-pharmacy 


42 


/ll 


1.9 




.55 


0.6 


2.3 (1.6-3.5) 




Use of sedative drugs 


31 


.95 


6.3 


7.0 


.71 


0.7 


2.9 (1.8-4.6) 


.82 


Information relevant conditions or tests 


















Often unexplained complaints 


15 


,-ll 


2.5 




.08 


0.1 


2.0 (1.1-3.7) 




Orthostatic hypotension 


24 


.26 


-1.2 




.11 


0.0 


1.3 (0.8-2.1) 




Functional mobility 


60 


.97 


7.2 


8.2 


.91 


1.2 


4.0 (2.6-6.0) 


.97 


impairment of hip/knee/ankle joints 


51 


.21 


-0.9 




.08 


0.0 


1.8 (1.2-2.6) 




Neurological impairment feet 


65 


.19 


-0.8 




.15 


-0.2 


1 .2 (0.8-2.8) 




Dix-Hallpike test 


12 


.50 


3.6 




.26 


0.4 


1 .5 (0.8-2.8) 




Visual acuity 


29 


.29 


1.3 




.17 


0.2 


1.7 (1.1-2.7) 





Stepwise backward linear and logistic regression analysis, bootstrap 1500x, a = .05. Variables selected in >1000 of the 1500 bootstrap samples were retained for 
the final models and highlighted in bold (indicators). 

Prev: prevalence in the research population; B m : average regression weight over all bootstrap samples; B s : regression weight in selected model; OR: Odds Ratio; 
CI: Confidence Interval. § OR is estimated per year increase or decrease.*Dichotomous DHI-scores: scores 0-30 (mild impact of dizziness) = 0, scores 31-100 
(moderate or severe impact of dizziness) = 1. 
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dichotomous DHI, the Nagelkerke R 2 with 6 indicators 
was .37, compared to .45 for the model with all vari- 
ables. The R 2 of the simple sum score was as good as 
the R 2 of the weighted sum score, both .37. 

Figure 1 shows the proportions of observed and 
expected impact of dizziness (DHI > 30) for all values of 
the simple sum score. The Hosmer-Lemeshow test (p = 
.16) indicated that the observed impact of dizziness 
(DHI > 30) matched the expected impact of dizziness 
for the simple sum scores, confirming the reliability and 
the goodness-of-fit of the predictability of the logistic 
model. Figure 2 shows the ROC-curve of the final logis- 
tic model with an AUC of .80 (95% CI = .76 to .84). 

Discussion 

This is one of the few published studies that address the 
impact of dizziness on everyday life in older primary 
care patients. Several studies reported on the impact of 
dizziness, of which some in older patients, but mostly in 
secondary and/or tertiary care settings with highly 
selected patients [23,36-38]. Other studies focussed on 
the impact of dizziness in home-dwelling ambulant, 
older, persons not presenting with, but asked for com- 
plaints of dizziness [8,39-41]. 

Frequency of attacks and psychological distress by 
anxiety and/or depression were also found to be major 
determinants of perceived impairment in older Chinese 
patients with chronic dizziness [38]. In a Swedish study 
in a 76-year-old home-dwelling ambulant population 




0.00- 



0 2 4 6 

Simple Sum Score 

Figure 1 Observed and predicted probabilities of experiencing 
moderate or severe impact of dizziness (DHI > 30) for all 
values of the simple sum score (0-6) of indicators o: proportion 
of observed dizziness impact (DHI > 30) corresponding with that 
particular sum score; — : proportion of predicted dizziness impact 
(DHI > 30); the grey band represents the 95% confidence interval. A 
simple sum score of >4 means a probability of >.80 that an older 
patient experiences moderate or severe impact of dizziness on 
everyday life. 
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1 - Specificity 

Figure 2 ROC curve of the final logistic model with six 
indicators related to the impact of dizziness on everyday life 
of older primary care patients. Area Under the Curve (AUC) is .80 
(CI .76-84). In the ROC curve the predicted probabilities for all 
values of the sum score and their corresponding sensitivity and (1-) 
specificity. The predicted probability of 0.82 corresponds with a 
simple sum score of 4. 



impairment increased with the number of attacks, but 
duration of dizziness showed no clear trend [39]. In a 
general practice community sample of working age peo- 
ple anxiety was associated with higher levels of dizzi- 
ness-related impairment [8]. Other studies found 
significantly more dizziness-related impairment in parti- 
cipants with than without vestibular symptoms [37,41]. 
This factor was not found to be related in our study, 
but differences in the study populations could be due to 
this: in Gopinath's study 'older' was defined as aged >49 
years (in our study >65), and in Neuhauser's study parti- 
cipants were aged 18 years or older. The prevalence of 
specific symptoms according the categories presyncope, 
vertigo, disequilibrium and atypical dizziness differs 
according to age: in younger patients (<40) atypical diz- 
ziness and presyncope prevail, in the middle aged (40- 
65) vertigo is the most prominent, and in the elderly 
(>65) presyncope and disequilibrium are more prevalent. 
In our study we could not ascertain associations with 
any dizziness category and this reflects the fact that, in 
particular elderly patients' dizziness cannot always be 
placed in one category. Besides, in both above men- 
tioned studies participants were not presenting with, but 
were asked for complaints of dizziness. This selection 
method may give an overrepresentation of vertigo, 
knowing that vertiginous dizziness is more easily recog- 
nized as dizziness by participants. 
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Strengths and limitations of the study 

An important strength of our study is that we were 
quite complete in assessing the contribution of poten- 
tially relevant indicators by choosing variables from a 
great spectrum of the diagnostic process, including 
demographic data, history, physical examination and 
diagnostic tests. In spite of this, some potential indica- 
tors may have been missed. For example, we did not ask 
about recent falls. Another strength of this study is our 
sampling procedure with which we ensured the inclu- 
sion of consecutive patients to rule out selection bias. 

This study has several limitations. First, the generaliz- 
ability of our findings might be limited to older primary 
care patients. A second limitation is the observational 
cross-sectional design itself. Although we identified clin- 
ical plausible indicators, of which some have been asso- 
ciated with dizziness-related impairment in previous 
studies as discussed above, these show associations and 
not causality. However, although cause-effect relation- 
ships cannot be determined from this cross-sectional 
study, our findings, like stated by others [4,6,12], suggest 
that it would be interesting to try to reduce dizziness- 
related impairment by influencing treatable associated 
factors. 

Another limitation concerns the DHI which has also 
been criticised [24]. Criticism on the various validation 
studies of the DHI is about the overrepresentation of 
chronic dizzy patients, with symptoms lasting >6 
months. In our study two-third of the patients experi- 
enced dizziness for at least six months, which might 
suggest that the overrepresentation of chronic dizziness 
in an older population is apparently representative. 

Conclusions 

Almost 60% of dizzy older primary care patients experi- 
ence moderate or severe impact on everyday life due to 
dizziness. We identified six factors indicating which 
patients suffer the most from their dizziness without 
exactly knowing the cause(s) of their dizziness. These all 
include easily to obtain information, with certain fea- 
tures of dizziness (chronic dizziness (>6 months), fre- 
quency at least daily, and duration of dizziness (<1 
minute)), having an anxiety and/or depressive disorder, 
the use of sedative drugs (mainly benzodiazepines), and 
poor functional mobility. A GP can identify these indi- 
cators within a few minutes and could taper treatment 
according the presence of these indicators, thereby 
focusing on interventions that might reduce the impact 
of dizziness on functional disability. 

Future research is needed to analyse the predictive 
value of these and other indicators, which may provide 
a framework for effective dizziness management and 
give direction to diagnoses of dizziness and treatment 
options. 
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